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2Physical setup and mathematical formulation
$x^{*}$ $y^{*}$ $z^{*}$
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$R= \frac{\rho_{0}g\alpha^{(1)}(T_{b}-T_{t})d^{3}}{\mu\kappa}$ , $P= \frac{\nu}{\kappa}$ , $\epsilon=\frac{\alpha^{(2)}(T_{b}-T_{t})}{\alpha^{(1)}}$ (2.3)
$\epsilon$
$\overline{T}=1-z$ $\vec{v}=0$
$\theta(x, y, z, t)$
$\{$








$x,$ $y$ $z$ 3
$\psi=(u, v, w, \theta)^{T}$ $\psi(x, y, z, t)$
$\frac{\partial}{\partial t}S\psi=\mathcal{L}(\mu)\psi+N(\psi)\psi)$ , (2.6)
$H\psi=0(z=0,1)$
$S$ $\mathcal{L}(\mu)$ $N$ 2 $H$
$S,$ $\mathcal{L},$ $H$ $N$ $x,$ $y,$ $t$ 1 $\mu$
( $\mu\in \mathrm{R}^{m_{\text{ }}}m$ )
(2.12) $\psi$ $j$ \sigma ( $\varphi^{(j)}(x, y, z)$
$\mathcal{L}(\mu)\varphi^{(j)}(x, y, z)=\sigma^{(j)}S\varphi^{(j)}(x, y, z),$ $j\geq 1$ (2.7)
$?\{\varphi^{(j)}=0(z=0,1)$
\sigma ( \sigma ( :
${\rm Re}\sigma^{(1)}>{\rm Re}\sigma^{(2)}>\cdots$ .
$\varphi^{(j)}(x, y, z)$ $x,$ $y$
$\varphi^{(j)}=$
$\sum\infty$ $\sum\infty\phi_{m,n}^{(j)}(z)E_{1}^{m}E_{2}^{n}$ , $E_{1}=\mathrm{e}^{i\gamma_{\mathrm{C}}x}$ , $E_{2}=\mathrm{e}^{i\gamma_{\mathrm{C}}\mathrm{t}\frac{-x}{2}+\frac{\sqrt{3}}{2}\mathrm{z}_{)}}$ (2.8)
$m=-\infty n=-\infty$
2 Fourier (2.7) Fourier
$\phi_{m,n}^{(j)}(z)$
$L_{m,n}(\mu)\phi_{m,n}^{(j)}=\sigma_{m,n}^{(j)}S_{m,n}\emptyset \mathfrak{U}_{n}^{)}$, (2.9)
$L_{m,n}(\mu)=\mathcal{L}(\mu)|_{\partial.+\mathrm{i}(m-\frac{n}{2})\gamma_{\mathrm{c}},\partial_{y}arrow:^{c_{2}\S}n\gamma_{\mathrm{c}},\partial_{l}arrow d/dz}$ Sm,n=S|\partial 2\rightarrow i(m- )\gamma ’\partial y\rightarrow iL23n\gamma c’\partial ,\rightarrow d/dz
$z$
$\tilde{L}_{m,n}(\mu)\tilde{\phi}_{m,n}^{(\mathrm{j})}=\overline{\sigma_{m,n}^{(j)}}\tilde{S}_{m,n}\tilde{\phi}_{m,n}^{(j)}$ (2.10)
$\langle\tilde{\phi}_{m,n}^{(j)}, (L_{m,n}(\mu)-\sigma_{m,n}^{(j)}S_{m,n})\emptyset \mathfrak{U}_{n}^{)},\rangle=\langle(\tilde{L}_{m,n}(\mu)-\overline{\sigma}_{m,n}^{(j)}\tilde{S}_{m,n})\tilde{\phi}_{m,n}^{(j)}, \phi_{m,n}^{(j)}\rangle$ (2.11)
$\langle$ , $\rangle$
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\gamma $\mu$ $\sigma(\ovalbox{\tt\small REJECT}$
$\sigma\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}$ $\psi(x, y, z, t)$
2 Fourier
$\psi(x, y, z, t)=\sum_{m=-\infty n}^{\infty}\sum_{=-\infty}^{\infty}\sum_{j=1}^{\infty}A_{m,n}^{(j)}(t)\phi_{m,n}^{(j)}(z)E_{1}^{m}E_{2}^{n}$ (2.12)
$\psi(x, y, z, t)$ $\psi(x, y, z, t)$
$A_{-m,-n}^{(j)}=\overline{A_{m,n}^{(j)}}$ , $\phi_{-m,-n}^{(j)}=\overline{\phi_{m,n}^{(j)}}$
(2.12) (2.6) Fourier $\tilde{\phi}_{m,n}^{(j)}$
$\frac{dA_{m,n}^{(j)}}{dt}=\sigma_{m,n}^{(j)}(\mu)A_{m,n}^{(j)}+\sum_{k,l,p,q}\lambda_{k,\acute{l},m-k,n-l}^{(jp,q)}A_{k,l}^{(p)}A_{m-k,n-[]}^{(q)}$ (2.13)






(2.13) $A_{m,n}^{(j)}$ $-\infty\leq m\leq\infty,$ $-\infty\leq n\leq\infty,$ $j\geq 1$
3Centre manifold reduction
(2.13) 6



















$(A_{1,0}^{(1)}, A_{0,1}^{(1)}, A_{-1,-1}^{(1)}, A_{-1,0}^{(1)}, A_{0,-1}^{(1)}, A_{1,1}^{(1)})$ ( $A_{m,n}^{(j)}=0$
$((m, n)\neq(1,0),$ $(0,1),$ $(-1, -1),$ $(-1,0),$ $(0, -1),$ $(1,1))$
$A_{m,n}^{(j)}=h_{m,n}^{(j)}(A_{1,0}^{(1)}, A_{0,1}^{(1)}, A_{-1,-1}^{(1)}, A_{-1,0}^{(1)}, A_{0,-1}^{(1)}, A_{1,1}^{(1)})$ (3.3)
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Figure 2: $\epsilon=0$ , P=7[ :
:Clever&Busse :Busse balloon.
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